Investigations of the male reproductive toxicity of ethoxyethanol (ethylene glycol monoethyl ether) have been restricted exclusively to histopathological assessments of the testes. The present study consisted of two experiments designed to document the spermatotoxicity of ethoxyethanol (EE) as reflected in evaluations of ejaculated rat semen. The basic strategy involved the evaluation of individual ejaculates recovered from the genital tract of a female rat prior to exposure of the males to EE. Repeated assessments of the ejaculate were made during the experimental phase according to specified protocols.
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Investigations of the male reproductive toxicity of ethoxyethanol (ethylene glycol monoethyl ether) have been restricted exclusively to histopathological assessments of the testes. The present study consisted of two experiments designed to document the spermatotoxicity of ethoxyethanol (EE) as reflected in evaluations of ejaculated rat semen. The basic strategy involved the evaluation of individual ejaculates recovered from the genital tract of a female rat prior to exposure of the males to EE. Repeated assessments of the ejaculate were made during the experimental phase according to specified protocols.
Adult Long-Evans hooded male rats received 0, 936, 1872 or 2808 mg/kg (PO) of EE for five consecutive days. Semen evaluations were then conducted at weeks 0, 1, 4, 7, 10 and 14 after exposure. Males in the highest two dose groups showed declines in sperm counts by week 4 and were essentially azoospermic by week 7. At this time, males receiving the lowest dose of EE also exhibited decreases in ejaculated sperm counts. An increase in abnormal sperm shapes was also observed. Over the ensuing weeks all males exhibited varying degrees of recovery as reflected by increasing ejaculated sperm counts. In a second experiment, males were treated with 0 or 936 mg/kg of EE daily (5 days/week) for 6 weeks with semen evaluations conducted weekly. By week 5, sperm counts were significantly depressed and there was an increase in the number of abnormal shapes. Sperm motility was depressed by week 6. The temporal trends seen in these experiments suggested a differential sensitivity of the spermatocyte stage to EE toxicity. Histopathological assessments confirmed this observation while distinguishing the pachytene spermatocytes as the most sensitive cells. Subchronic treatment did not appear to alter the spermatogonial population, suggesting the potential for recovery as witnessed following acute EE administration.
The majority of work evaluating the male reproductive toxicity of glycol ethers has been with methoxyethanol (ethylene glycol monomethyl ether). Studies on ethoxyethanol (ethylene glycol monoethyl ether, EE) have been limited and are summarized in Table 1 . These studies have been restricted essentially to histopathological evaluations of the testes. No published reports are available on other spermatogenic endpoints or fertility aside from the report by Lamb in these proceedings (1) . Ethoxyethanol appears to produce the same pattern of testicular toxicity as that seen with the methyl derivative, although higher doses of EE are required (2) . The present study consisted of two experiments. The first experiment employed acute EE treatment and was designed to determine the sensitivity of the various stages of spermatogenesis to EE insult as well as to estimate recovery from such toxicity. The second investigation examined the spermatoxicity and associated testicular histopathology accompanying subchronic EE treatment using the lowest dose which produced effects in Experiment I. Both studies utilized evaluations of ejaculated rodent semen to assess spermatoxicity.
Materials and Methods.
Ethoxyethanol was obtained from Aldrich Chemical (99.9% pure) and its purity confirmed by gas chromatography. EE (6) Prior to the treatment phase, the males were allowed to mate with ovariectomized, hormonally primed females on several occasions over a 2-week period. Females received 0.1 mg/0. 1 mL of estradiol benzoate (SC) (Sigma) 48 hr prior to mating followed by 0.1 mg/0. 1 mL (SC) of progesterone (Lilly, Indianapolis, IN) 4 hr before mating. These initial mating trials were necessary in order to insure a high level of mating proficiency by the time the experiment was initiated. All the males were mated on a weekly basis for the duration of the experiment in order to maintain a constant interval between ejaculations. At the beginning of the experimental period, the males were intubated with distilled water for 5 consecutive days. This procedure was employed in order to acclimate the animals to the procedure of intubation. On the fifth day of the water intubation, the males were mated with ovariectomized hormonally primed females in order to obtain preexposure baseline measures on each animal. Mating behaviors were observed and at 15 min post-ejaculation, the females were sacrificed. The semen was recovered from the uterine horns and processed for determinations of sperm count, percent motile sperm and sperm morphology (see below). The sperm count data were also used to match males for assignment to treatment groups. The males were rank-ordered by sperm counts and assigned to treatment groups such that the mean sperm count of each group was essentially equivalent.
Copulatory Behaviors
Evaluations of copulatory behaviors were conducted between 1300 and 1500 hr during the dark cycle. The male was placed in a Plexiglas observation cage (33 x 28 x 23 cm) and allowed to habituate for approximately 15 min. An ovariectomized, hormonally primed female was then introduced into the cage and copulatory behaviors monitored. Four behaviors were recorded: (1) mount latency, defined as the elapsed time between introduction of the female and the first mount; (2) number of mounts; (3) number of intromissions, distinguished from mounts by increased vigorous thrusting, backpedaling following desengagement, and immediate genital grooming; and (4) ejaculation latency, defined as the elapsed time between the initial mount and ejaculation. The presence of a copulatory plug upon sacrifice in 100% of the females confirmed our accuracy in determining time of ejaculation.
Sperm Evaluation
Approximately 15 min after copulation, the female was sacrificed by CO2 asphyxiation. The uterine horns were exposed, and the contents of the uteri (semen and uterine fluid) aspirated into a syringe. Subsequently, the uteri and vagina were excised, cut open and flushed to obtain residual sperm, and the copulatory plug was removed, washed and weighed.
A drop of the sample was placed on a slide and a subjective estimate was made of the degree of sperm concentration (low, moderate, high) in order to dilute the sample for motility evaluation. An The remaining undiluted sample was transferred to a graduated cylinder. The residual sperm from the uteri, vagina and copulatory plug were added to the gradua-ted cylinder along with washings of the syringes, pipette tips, and slides. The sample was then diluted to a final volume of 50 mL. Both chambers of a hemocytometer were charged with 10 ,uL of sample and sperm counts were determined. If counts differed by more than 10% the chamber was recharged and sperm count was redetermined.
Data Analyses
For both experiments, a two-way repeated measures analysis of variance (ANOVA) with one between factor (treatm'ent) and one within factor (weeks) was used for analysis of body weights, sperm counts, sperm motility, plug weights, mount latency, ejaculation latency, number of mounts and intromissions. The latency measures were subjected to a logarithmic transformation prior to analysis to reduce heterogeneity of variance.
Percent of baseline was calculated for each animal by dividing values obtained during the experimental phases by his pre-exposure baseline values. These data were also analyzed employing a two-way repeated measures ANOVA. The morphology data were transformed using an arc sine transformation to normalize distributions and analyzed by a one-way ANOVA. Data In light of these data, Experiment II was designed to utilize subehronic exposure and weekly semen evaluations so as to better document the development of the spermatoxicity. Moreover, histological evaluations of the testes were done concurrently in a subpopulation of males.
Experiment 11 Method
The experimental strategy was identical to that employed in Experiment I with the one exception: that ejaculated semen samples were evaluated weekly. After obtaining a baseline semen evaluation on each male, treatment was initiated. Males were intubated with either 0 or 936 mg/kg EE daily (5 days/week), for 6 weeks (nine males/group). At the end of the sixth week, all animals were sacrificed and weights were obtained on all major organs. One of the cauda epididymides was processed for determination of sperm count and sperm morphology. The hematocrit and hemoglobin levels were also determined at this time.
Fourteen additional males were used for histological evaluations. Twelve males received 936 mg/kg EE (PO) 5 days/week for up to 6 weeks. Two control males were intubated with equivalent volumes of water. Two treated males were sacrificed at weekly intervals through week 6. At this time, the control males were sacrificed. The males were sacrificed by penotobarbital overdose, perfused with a 1% procaine saline solution, followed by a 5% glutaldehyde fixative. For light microscopy, testicular tissue was embedded in paraffin, sliced in 5 ,um sections and stained with hematoxylin and eosin.
Results
Subchronic EE treatment produced a significantly slower rate of weight g4n relative to the controls (Fig.   3 ). This difference increased over weeks, suggesting the gradual appearance of a more pronounced systemic toxicity. Evidence of a generalized toxicity was also seen in a number of other endpoints. Data obtained at sacrifice ( WEEKS OF EXPOSURE All sperm parameters were adversely affected by EE treatment. Significant declines in sperm count (Fig. 4) and percent normal forms (Fig. 5 ) were seen at weeks 5 and 6, and a significant decline in motility was seen at week 6 (Fig. 6) 
Discussion
The data from these studies emphasize the remarkable sensitivity of the testes to EE toxicity. Few clinical signs were observed at the end of the 6 weeks of dosing in spite of marked testicular insult. The similar patterns of insult observed across Experiments I and II would suggest the potential for recovery of testicular function within the dose and time period examined in these studies. Histological data would support this view since the spermatogonial population remained intact in the males exposed to EE for 6 weeks. Germ cell repopulation has also been noted by Foster et al. (2) . Such recovery would argue against the hypothesis that EE produces its toxicity by interfering with mechanisms regulating cell division (3).
